




















Graduate School of Economics and 
Osaka School of International Public Policy (OSIPP) 





石田  葉月 
 
 























Graduate School of Economics and 
Osaka School of International Public Policy (OSIPP) 





石田  葉月 
 
 
Discussion Paper 11-13 日本における化石燃料と経済成長の因果性分析 日本における化石燃料と経済成長の因果性分析 日本における化石燃料と経済成長の因果性分析 日本における化石燃料と経済成長の因果性分析        －多変数アプローチに基づいて －多変数アプローチに基づいて －多変数アプローチに基づいて －多変数アプローチに基づいて
* * * *       
   
石田 石田 石田 石田        葉月 葉月 葉月 葉月† † † †       
       
 











JFL JFL JFL JFL        Classification Classification Classification Classification: Q32, Q43, Q57 
Key Words Key Words Key Words Key Words:  化石燃料,  経済成長,  共和分, Granger 因果性 
                                                   
*  本稿を作成するにあたり、大槻恒裕先生（大阪大学大学院国際公共政策研究科）のご支援を頂
きました。ここに感謝の意を表します。 
†  福島大学共生システム理工学類,  〒960-1296  福島県福島市金谷川１ 





































Kraft and Kraft (1978) ͸ɺGNP ͔ΒΤωϧΪʔڙڅ΁ͷҰํ޲ͷҼՌੑΛݟग़ͨ͠ɻ͜ͷ
݁Ռ͸ɺAbosedra and Baghestani (1989) ʹΑͬͯ΋ࢧ࣋͞Ε͍ͯΔҰํͰɺYu and Hwang
(1984) ΍ Yu and Choi (1985) ͸ΤωϧΪʔڙڅͱ GNP ͱͷҼՌؔ܎Λݟग़͞ͳ͔ͬͨɻ·
ͨɺStern (1993, 2000) ͸ɺΤωϧΪʔڙڅྔ͔Β GDP ΁ͷҼՌੑΛݟग़͠ɺܦࡁ੒௕ͷ
ͨΊʹ͸ΤωϧΪʔ͕ෆՄܽͰ͋Δͱ݁࿦͚͍ͮͯΔɻ
ΞϝϦΧҎ֎ͷࠃʑʹ͍ͭͯͷݚڀ݁Ռ΋༷ʑͰ͋Γɺࠓͷͱ͜ΖɺΤωϧΪʔͱ GDP
ͷؔ࿈ੑʹ͍ͭͯͷఆ·ͬͨݟղ͸ಘΒΕ͍ͯͳ͍(Lee, 2006; Mozumder and Marathe, 2007;
Chiou-Wei et al., 2008)ɻ·ͨɺ೔ຊͷࣄྫʹݶͬͯΈͯ΋ɺطଘݚڀ͸গͳ͍͏͑ʹɺͦΕ
Βͷ݁Ռ͸Ұக͍ͯ͠ͳ͍ɻྫ͑͹Erol and Yu (1988) ΍Zachariadis (2007) ͸ɺΤωϧΪʔ
1ڙڅͱGNP ͱͷ͍͋ͩʹ૒ํ޲ͷҼՌੑΛݟग़͍ͯ͠Δɻ·ͨɺSoytas and Sari (2003) ͸ɺ










ҰํͰɺੴ༉ͱ GDP ͷؔ܎ɺ͋Δ͍͸ੴ୸ͱ GDP ͷؔ܎ͱ͍͏Α͏ʹɺԽੴ೩ྉͷͳ
͔Ͱ΋ಛఆͷ΋ͷͱܦࡁͱͷؔ܎Λ࿦ͨ͡ݚڀ͸ଘࡏ͢Δ΋ͷͷ(ͨͱ͑͹ɺLee and Chang






































ग़͞Εͳ͍͜ͱ͕ࢦఠ͞Ε͍ͯΔ (Stern, 1993, 2000)ɻҰํͰɺଟม਺ʹΑΔ෼ੳʹ͓͍
ͯ͸ɺͲͷม਺Λ࢖༻͢Δͷ͔ͱ͍͏͜ͱʹ͍ͭͯͷఆ·ͬͨݟղ͕͋ΔΘ͚Ͱ͸ͳ͍ɻ
͍͔ͭ͘ͷطଘݚڀ͸ɺ৽ݹయ೿ܦࡁֶͷ࿮૊Έ͔Βɺ࿑ಇͱࢿຊ͔ΒͳΔैདྷͷੜ࢈ؔ
਺ʹΤωϧΪʔΛՃ͑ͨϞσϧʹج͍ͮͯ෼ੳΛߦ͍ͬͯΔ (Stern, 1993, 2000; Ghali and
El-Sakka, 2004; Soytas and Sari, 2007; Yuan et al., 2008)ɻ͔͠͠ɺDaly (1996) ͕ओு͍ͯ͠
ΔΑ͏ʹɺ৽ݹయ೿ͷੜ࢈ؔ਺ʹ͓͚Δ౤ೖཁૉؒͷ୅ସੑʹ͍ͭͯ͸ɺ෺ཧֶతࠜڌ͕
ͳ͍ɻྫ͑͹ɺӡૹձ͕ࣾՙ෺ΛӡͿͨΊʹ࢖༻͢ΔτϥοΫ͸ࢿຊʹ෼ྨ͞ΕΔ͕ɺ͜





































͕େ͖͘ͳ͓ͬͯΓɺब࿑͕࣌ؒ௕͍͔Βͱ͍ͬͯ FMR(Field Metabolic Rate) ͕୯७ʹ૿
Ճ͢ΔΘ͚Ͱ͸ͳ͍ɻ͕ͨͬͯ͠ɺ࿑ಇ౤ೖྔΛҰ࣍ΤωϧΪʔ͔Β੾Γ཭ͯ͠ߟ͑ͯ΋
໰୊͸ੜ͡ͳ͍ɻ৘ใॲཧతҙຯ߹͍ͱͯ͠࿑ಇΛଊ͑Δ͜ͱ͸ɺਓ͕ؒੜΈग़͢࿑ಇΛ





mented Dickey-Fuller (ADF) (Dickey and Fuller, 1979) ͓Αͼ Phillips-Perron (PP) (Phillips
and Perron, 1988) ͷ୯Ґࠜݕఆ๏ʹΑͬͯςετ͢Δɻม਺͕ඇఆৗͰ͋Δ৔߹ɺͦΕΒม
਺Ͳ͏͠ͷઢܗ݁߹͕ఆৗʢ͢ͳΘͪڞ࿨෼ؔ܎ʣʹͳΔ৔߹͕͋Δ (Engle and Granger,
1987)ɻม਺ؒͷڞ࿨෼ؔ܎ʹ͍ͭͯ͸ɺEq.(1) ͷΑ͏ͳ VAR (Vector Autoregressive) Ϟσ
ϧʹج͖ͮɺJohansen and Juselius (1990) ͷ࠷໬๏Λ༻͍ͯ໌Β͔ʹ͢Δɻ
Xt = µ +
p ∑
i=1
ΠiXt i + ϵt (1)






4VECM(Vector Error Correction Model) ʹج͍ͮͯɺԽੴ೩ྉͱ GDP ͷ Granger ҼՌੑΛς
ετ͢ΔɻVECM ͸ɺEq.(1) ͷ྆ล͔Β Xt 1 Λࠩ͠Ҿ͘͜ͱʹΑͬͯಘΒΕΔɻ
∆Xt = µ +
p 1 ∑
i=1
Γi∆Xt i + ΠXt 1 + ϵt (2)
͜͜Ͱɺ∆ ͸ 1 ֊ࠩΛද͠ɺΠ =
∑p
i=1 Πi   IɺΓi =  
∑p
j=i+1 Πj Ͱ͋Δɻͳ͓ɺI ͸୯Ґߦྻ
Ͱ͋Δɻ
ຊݚڀͰ༻͍ͨσʔλ͸ɺ೔ຊʹ͓͚Δ 1970 ೥͔Β 2008 ೥·Ͱͷ೥౓͝ͱͷ࣌ܥྻ
σʔλͰ͋ΔɻGDP(Y) ͸಺ֳ෎͕ެද͍ͯ͠ΔࠃຽܦࡁܭࢉΑΓɺ࣮࣭ GDP ͷ࣌ܥྻ






Table 1 ʹɺAugumented Dickey-Fuller (ADF) ୯Ґࠜݕఆͷ݁ՌΛࣔ͢ɻ͍ͣΕͷม਺
ʹ͍ͭͯ΋ɺϨϕϧͰ͸୯Ґ͕ࠜ͋Γɺ̍֊ࠩΛऔΔͱ୯ҐࠜΛ࣋ͨͳ͍ͱಡΈऔΔ͜ͱ
͕Ͱ͖Δɻ·ͨɺTable 2 ͕ࣔ͢Α͏ʹɺPhillips-Perron (PP) ୯Ґࠜݕఆʹ͍ͭͯ΋ಉ༷ͷ
݁Ռ͕ಘΒΕͨɻҎ্ΑΓɺ͢΂ͯͷม਺ʹ͍ͭͯ I(1) Ͱ͋Δͱ൑அͨ͠ɻ
Table 1: Augmented Dickey-Fuller unit root tests









Lag lengths(in parenthesis) are determined by AIC.
* Signiﬁcant at the 5% level.
** Signiﬁcant at the 1% level.
࣍ʹɺ୯Ґࠜςετͷ݁ՌΛड͚ͯɺม਺ؒʹ͓͚Δڞ࿨෼ؔ܎ͷ༗ແΛ Johansen and






5Table 2: Phillips-Perron unit root tests









* Signiﬁcant at the 5% level.
** Signiﬁcant at the 1% level.
Table 3: Maximum likelihood cointegration tests
Cointegration rank Trace test Maximum Eigenvalue test
Statistics Critical valuea Statistics Critical valuea
None 63.337 47.856 35.941 27.584
At most 1 27.395 29.797 15.825 21.131
At most 2 11.569 15.494 11.311 14.264
At most 3 0.257 3.841 0.257 3.841
Normalized cointegration equation
Y   1.292( 2.199)F + 1.499(4.329)NF   11.267( 5.967)L   0.008( 0.938)TREND
a 95% Critical value
The lag structure of VAR is determined by AIC.
T-values are given in parentheses.
͜ͱ͔ΒɺGDP ͱͷؔ܎ʹ͓͍ͯɺඇԽੴΤωϧΪʔ͸ɺԽੴ೩ྉ΍࿑ಇͱ͸ຊ࣭తʹҟ
ͳ͍ͬͯΔ͜ͱ͕࢕͑Δɻ















6Table 4: Estimates of error correction models
Variables ∆Y ∆F ∆NF ∆L
Constant -8.266(-2.025)* -0.170(-0.025) -44.950(-2.729)* -2.037(-0.418)
∆Y(-1) 0.082(0.284) 0.187(0.277) -1.012(-0.780) 0.166(0.511)
∆Y(-2) -0.593(-2.190)* - -1.303(-1.323) -0.353(-1.216)
∆Y(-3) - - - 0.212(0.749)
∆F(-1) -0.096(-0.987) -0.086(-0.372) -0.416(-1.043) -0.157(-1.517)
∆F(-2) - - - -0.134(-1.195)
∆NF(-1) 0.101(2.417)* -0.023(-0.292) 0.029(0.178) 0.066(1.517)
∆NF(-2) - -0.085(-1.026) -0.064(-0.431) -
∆NF(-3) - - -0.297(-1.825) -
∆NF(-4) - - 0.168(1.071) -
∆L(-1) 0.143(0.586) 0.675(1.215) 0.252(0.229) 0.248(0.634)
∆L(-2) - -1.120(-2.591)* - -0.081(-0.276)
∆L(-3) - 0.286(0.661) - -0.088(-0.388)
∆L(-4) - - - -0.377(-2.005)
ECT(-1) -0.050(-2.029)* -0.001(-0.027) -0.271(-2.728)** -0.012(-0.413)
Diagnostic test
R2 0.41 0.28 0.50 0.46
¯ R2 0.29 0.06 0.32 0.19
F-statistic 3.28 1.28 2.66 1.69
DW 1.74 1.92 2.01 1.84
ARCH 0.04 0.95 0.72 0.89
BG 0.44 0.13 1.96 0.45
Lag lengths are determined by AIC.
T-statistics are in parenthesis.
* Signiﬁcant at the 5% level.
** Signiﬁcant at the 1% level.
ಈֶతӨڹʹؔͯ͠͸໌Β͔ʹ͠ͳ͍ɻͦ͜ͰɺVAR Ϟσϧʹج͍ͮͯΠϯύϧεԠ౴Λ
γϛϡϨʔτͨ͠ɻ݁ՌͷҰ෦ΛɺFigure 2 ͓Αͼ Figure 3 ʹࣔ͢ɻਤதͷ࣮ઢ͸Πϯύϧ
εԠ౴Λࣔ͠ɺ্Լͷ఺ઢ͸ਖ਼ෛͷ 2 ඪ४ภࠩόϯυΛ͍ࣔͯ͠ΔɻFigure 2 ͸ɺ֤ม਺ͷ












7Table 5: Granger causality test results
Dependent F-statistics T-statistics
variables Short-run Long-run
∆Y ∆F ∆NF ∆L ECTt 1
∆Y - 0.974 5.845* 0.343 -2.029*
∆F 0.077 - 0.528 2.287 -0.027
∆NF 1.049 1.088 - 0.052 -2.728**
∆L 0.659 2.075 2.302 - -0.413
* Signiﬁcant at the 5% level.
** Signiﬁcant at the 1% level.
ʹରͯ͠ඇԽੴΤωϧΪʔ͕ݮগʢ૿Ճʣ͢ΔΑ͏ʹௐ੔͞ΕΔ͔ΒͰ͋Δɻ
Shock in F Shock in NF Shock in L
















8Response of F Response of NF Response of L






Ε͖ͯͨ͜ͱ͕ؔ܎͍ͯ͠Δͷ͔΋͠Εͳ͍ (Japanese Atomic Energy Commission, 2005)ɻ















































































ERoEI(Energy Return on Energy Invested) ͕௿͍͜ͱ͕ڍ͛ΒΕΔɻྫ͑͹ɺ୅ସΨιϦϯ
ͱͯ͠ظ଴͞ΕͨόΠΦΤλϊʔϧͷ ERoEI ͸ෳ਺ͷݚڀऀʹΑͬͯࢼࢉ͞Ε͍ͯΔ͕ɺ
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Abstract: Fossil fuels (oil, coal, gas) are low-entropy nat ural resources which seem to be 
indispensable for our economic prosperity. This pap er investigates the relationship between 
fossil fuel consumption and economic growth in Japa n, using a multivariate model of fossil 
fuels,  non-fossil  energy,  labor  and  GDP.  Using  the  Johansen  cointegration  technique,  the 
empirical results indicate that there is a long-run  relationship among the variables. Then using 
vector error correction model, the study reveals un idirectional causality running from fossil 
fuels to GDP. It implies that decline in fossil fue l consumption may hamper economic growth. 
On the other hand, non-fossil energy use does not a ppear to have positive effects on economic 
growth. 
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